The rapid advances in technology, the need for lifelong learning, and the growth of nontraditional students have encouraged the use of the computer as a means of instructional delivery. As early as the 1980s, computer-based instruction (CBI) was considered the technological phenomenon to revolutionize education and training. Industry pundits predicted that by 2003, no less than 30% of all training would be delivered via corporate intranets (Ryan, 2001) . But this prediction has not been met. In fact, when you review Training magazine's "2003 Industry Report" (Galvin, 2003) , you will find that the percentage of formal training delivered via computer has decreased rather than increased.
At the same time, CBI is touted as providing numerous benefits in practice. It is generally believed that CBI provides consistency of content delivery, more readily provides training to remote locations, eliminates costs associated with employees' travel, provides means of tracking learners' progress, provides standardized testing, offers learner flexibility in controlling and pacing learning, provides for diverse learning needs, provides opportunities for practice through simulation, provides greater retention, and reduces the instructional time. One must wonder then why more organizations are not using CBI as their major delivery method.
One reason may be that research on CBI effectiveness has largely consisted of fragmented studies examining small subsets of constructs. Thus, the constructs that are most important in affecting learning have not been determined. In an initial review of research on CBI and adults, some of the constructs found included the adult learner (Barrett, 1991; Bates, Holton, & Seyler, 1996; B. L. Brown, 2000; K. G. Brown, 2001; Courtney, Vasa, Luo, & Muggy, 1999) ; attitudes toward computers (Brock & Sulsky, 1994; Chau, 2001; Jawahar & Elango, 2001; Suriya & Wentling, 1999) ; computer anxiety (Ayersman & Reed, 1995 -1996 Elder, Gardner, & Ruth, 1987; Harrington, McElroy, & Morrow, 1990; Howard, Murphy, & Thomas, 1987; Marcoulides, 1988) ; computer efficacy (T. Hill, Smith, & Mann, 1987; Massoud, 1991) ; learning environment (Choi & Hannafin, 1995) ; gender (Busch, 1995; Lewis, 1988) ; learning theories (Chalmers, 2000; Johnson & Aragon, 2002; Tennyson, 1990; Williams, 2000) ; learning characteristics or individual differences (Armstrong, 1996; Buehner-Brent, 1990; Harp, Taylor, & Satzinger, 1998; Igbaria & Parasuraman, 1989) ; learning styles (Bostrom, Olfman, & Sein, 1990; Brudenell & Carpenter, 1990) ; learner needs (Wiswell & Ward, 1997) ; locus of control (Avner, Moore, & Smith, 1980; M. J. Hannafin, 1984; Shaw, 1992) ; performance, measurement, or evaluation (Bowman, Grupe, & Simkin, 1995; Bratton-Jeffery, 1997; McInerney, Marsh, & McInerney, 1998) ; self-directed learning (Barrett, 1991; Confessore & Kops, 1998; Mills & Dejoy, 1988) ; and self-efficacy (Christoph, Schoenfeld, & Tansky, 1998; Gist, Schwoerer, & Rosen, 1989) .
Furthermore, an empirical study performed by Jones and Paolucci (1999) estimates that since 1993, less than 5% of published research were sufficiently empirical, quantitative, and valid to support conclusions with respect to the effectiveness of technology in education learning outcomes. Thus, there was a lack of evidence on what really affects learning when using the computer as a medium for delivery of instruction and training.
Even more troublesome is the fact that there have been only modest attempts at building a theoretical base for CBI, despite the abundance of research studies noted above. Thus, research on CBI and implementation of CBI in practice have proceeded in a largely atheoretical fashion. Our review of the research shows that there is no comprehensive theory that portrays the factors leading to effective CBI. Further compounding the problem is that much of the research that has been conducted has focused on CBI implementation in educational settings, not with adult learners who would be found in work settings. It is reasonable to expect that the effectiveness of CBI for adults in work settings might be influenced by different factors. Williams (2000) , Johnson and Aragon (2002) , Steinberg (1991) , and Kember and Murphy (1990) reported that adopting a synthesized theory of learning could have a synergistic effect on advancing the learning environment created by CBI. Based on these studies, it is apparent that there is a need for a new theory that integrates factors affecting CBI effectiveness and provides a foundation for empirical tests on the most effective learning environments for CBI. The purpose of this study then was to develop a theory of critical components that affect the effectiveness of CBI for adult learners.
Review of Prior Theoretical Research
As stated above, there has been very little work done to construct a theory of CBI, particularly for adults. Williams (2000) found in her research on a framework for online environments for learning that there are several different views of which learning theory best fits learning by means of the computer. Because of these differences, her research reiterated the need for better theoretical approaches to CBI. The behaviorist wants the learner to produce desired behaviors by controlling the environment, whereas the constructivist wants to see how learning occurs. The use of technology as a delivery medium has fostered the integration of current learning theories. Williams suggested that an integration of behaviorist principles and constructivist principles may be best suited for CBI. Johnson and Aragon (2002) have begun developing a framework for instructional strategies for use in the computer-learning environment. They found a lack of evidence that technology significantly influences the learning process. Johnson and Aragon hypothesized that quality learning environments should be based on instructional principles that are derived from multiple learning theories. They suggest that the challenge is to devise ways to create pedagogically sound content for delivery by the computer. The information to be learned needs to address variability in learning styles, provide motivation, and promote interactivity. Johnson and Aragon (2002) considered not only behavioral and cognitive learning theories but also social learning theory in their instructional strategy framework for online learning environments. Studies that examine the effectiveness of instructional strategies in online instruction are lacking in the educational technology literature. Most literature provides anecdotal comments on experiences with online courses and empirical research that compares face-to-face and online delivery methods. Instead of comparing two dissimilar learning environments, Johnson and Aragon suggest that future studies should empirically test the effectiveness of different instructional techniques in maximizing learning opportunities and achievement in online learning. They suggest that the learning environment should comprise the elements in behavioral, cognitive, and social learning theory. Steinberg (1991) also concludes that behavioral and cognitive learning theories should be integrated. Steinberg's framework for CBI draws on learning theories, instructional models, practical experience, and technology. She synthesized the theories of Bransford (1979) and Gagné (1977) and developed a framework for CBI that includes four components from learning theories and instructional models (target population, goals, task, and instruction) and two components from research and experience (computer application and environmental implementation). Each component is necessary, but the crucial aspect of the CBI framework is that learning is significantly affected by the interaction of these components. She suggests that CBI should be appropriate to the developmental, educational, and physical characteristics of the intended learner. The implication for designing CBI is that each component must be addressed and internal consistency among these components sought (Steinberg, 1991) . Kember and Murphy (1990) report that instructional design based on the behavioral learning theory has been limiting and that new theories should be consistent with constructivist theories of cognitive psychology and allow for flexible, pragmatic development approaches. Kember and Murphy believe that technologies should teach learners to learn rather than act as passive purveyors of information or techniques for reducing learner involvement in the learning process. If teaching is the facilitation of learning, then efforts need to be concentrated on the learner rather than the instruction. (p. 45)
Methodology
The methodology for this study consisted of a theory-building research process that included both Dubin's (1978) deductive theory-building methodology and Patterson's (1986) criteria for evaluating theory. Although Dubin explicates the critical components in a theory, he does not incorporate all the steps of a theory-building research process. That is, Dubin does not explain how a researcher deductively develops the components he or she prescribes, just what the components must be. Therefore, it was necessary to construct a theorybuilding research process to implement Dubin's methodology. Space limitations prohibit a complete discussion of the process used in this study, but briefly, the process used in this study consisted of the following steps:
1. Concept development-conducted an initial review of the literature to understand the phenomena and refined concepts to formulate the study. 2. Identification and retrieval of studies-conducted an expanded review of the literature. This review incorporated a rigorous search of the literature using databases and journals with keywords identified in the concept development literature review.
3. Construct analysis-analyzed constructs and relationships from existing literature. In this step, all the constructs identified in previous research were systematically documented and analyzed as a foundation for the initial theory. Patterson's (1986) criteria by a team of scholars. The scholars were selected from the authors appearing most frequently in the expanded literature review. 6. Analyze and synthesize feedback-analyzed and synthesized feedback from scholars' evaluations. 7. Theory modification-modified the initial theory of effective CBI for adults based on synthesis of scholarly evaluation, resulting in a modified theory.
It is important to note that the purpose of this study was only to develop the theory, not to evaluate the validity of the theory or empirically test it. The initial development of a theory is an important research process in itself and lays the foundation for further studies. The next section presents a detailed discussion of the five components of the theory as outlined in Step 4 above. Following that, implications for further research will be discussed.
The Theory
A theory of effective CBI for adults integrates the critical components of CBI to provide a much-needed framework for research in CBI for adults. The final theory is shown in Figure 1 .
Unit of the Theory
The units of the theory are the basic building blocks from which the researcher constructs the theory (Lynham, 2002) . The units represent those things whose interactions constitute the subject matter or the phenomenon of the theory (Dubin, 1978) . Each unit is shown graphically as a box in Figure 1 and is described below.
The theory was developed using a systems approach. That is, the units are conceptualized within a macrosystems model as inputs, processes, and outputs of CBI. This approach has several advantages. First, the development of CBI is a process and thus lends itself to a systems model. Second, the units of the theory operate as a system to influence learning outcomes, so a systems approach is the most appropriate way to conceptualize the units. Third, a systems approach provides an elegant and logical way to organize and understand a complex system of ideas. The units of the theory will be discussed in reverse order, moving from outputs to processes to inputs.
Output Units of the Theory
Only one output unit of the theory was identified: the learning outcome. Learning outcome is defined for this study simply as achieving learning goal level. Learning outcomes are the performances made possible by learning (Wager & Gagné, 1988) . The learning outcome describes what the learner is able to do when learning is completed. Students' performance or learning is assessed to determine whether the designed instruction has met its design objectives (Gagné, Briggs, & Wager, 1992) . The outcomes of learning are important in any theory of learning (Steinberg, 1991) .
Process Units of the Theory
The process units of the theory represent the environmental and CBI system factors expected to influence the learning outcomes.
Instructional strategy design. Instructional strategy design is defined as elemental methods for determining and sequencing content and presenting content and decision making related to the content and its delivery. Janniro (1993) found CBI to be most effective when systematically developed and when course content followed the principles of teaching. Steinberg (1991) suggested that appropriate computer application means the application of sound instructional principles. The design of learning materials and the environment is the core of educational technology (Kozma, 2000) . Therefore, instructional strategy design is just as important in the development of CBI as it is in face-to-face instruction. Reigeluth (1983) classified the components of the instructional strategy design unit into three types: organizational strategy, delivery strategy, and management strategy. Organizational strategy is the method of sequencing the subject matter content for instruction. Gagné and Briggs's (1979) events of instruction should be included in the organizational strategy of the lesson or learning module. Sequencing of information within a CBI module would be determined by the objectives. For those objectives in the declarative and procedural areas, the information would be sequenced by applying principles from the learning theory in use. For higher order objectives, the sequence is based on an interaction with the learner and information (Tennyson & Foshay, 2000) . Bunderson and Inouye (1987) proposed that when designing instruction, the information can be analyzed to determine the most efficient arrangement of the knowledge for purposes of learning, not for purposes of disciplined organization. Well-organized information serves as a graphic organizer, helps in learning the information, and provides an external map-like organizer for guiding the acquisition of unfamiliar material (Dean & Kulhavy, 1981) . This map links incoming information to preexisting knowledge processed at a deeper level of encoding, resulting in associative learning (Anderson & Archer, 1970; Craig & Lockhart, 1972; Foss & Harwood, 1975; Rothkopf & Coke, 1968) .
Once the content is organized, delivery strategies must be determined. Delivery strategies normally involve determining the appropriate media of instruction and grouping strategies. Because the need for CBI is an assumption of this study, one only needs to address the grouping strategy for instruction. The grouping strategy for CBI could be individual, a dyad, or a small group consisting of three students. Stephenson (1991) suggested that low achievers benefit from having another human around who is aware of actions that alter the learning behavior. Carrier and Sales (1987) found that students working in pairs with CBI provided an opportunity for the students to check out understanding of the concepts with their partner.
The instructional management strategy guides the orchestration of organizational and delivery strategies (Smith & Ragan, 1993 ). Scheduling of instruction and the mechanisms for delivery of instruction are guided by the management strategy. With CBI, scheduling may include providing times when a computer room is available and using resources to ensure that enough computers are available for those needing CBI. This strategy also includes the management of instruction for individuals, which provides CBI design. CBI design is defined as the computer programming of content and lesson design that considers the individual differences of the learners to achieve the learning goal level delivered by the computer. Critical for promoting achievement in CBI are features that provide opportunities for problem solving, corrective feedback, elaboration, visual and graphic cues, control of the routine by the learner, and appropriate wait time between input and response (Lewis, 1990) . This unit of the model makes CBI different from other forms of individualized instruction. CBI design comprises four components: instructional control, instructional support, screen design, and practice strategy.
Three types of instructional control are generally considered: program controlled, where the program guides the learner; learner controlled, where the learner determines the options; or adaptive controlled, which is a combination of program and learner controlled, where control is based on the learner's responses. CBI that is adaptive or intelligent to students' responses and rate of learning is twice as effective (Gibbons & Fairweather, 2000) .
Numerous researchers have found that learner control in CBI positively influences retention of information and increases test performance (Hansen, 1974; Kinzie, Sullivan, & Berdel, 1988; Newkirk, 1973; Schloss, Wisniewski, & Cartwright, 1988; Steinberg, Baskin, & Hofer, 1986) . Several researchers have found positive achievement results from giving learners control of elements of their instruction, such as amount of contextual support (Ross, Morrison, & O'Dell, 1989; Shaw, 1992) , amount of information and practice (R. D. Hannafin & Sullivan, 1995) , amount of review (Kinzie et al., 1988) , and sequencing of the instruction (Gray, 1987) . Gray (1989) concluded that CBI for single class sessions directed at students with little background in the subject matter will be effective with minimum user control of the sequencing of instructional content.
Instructional support for the adult learner during the CBI learning process is important to the learning outcome of CBI. Instructional support enhances the understanding of the content of instruction by specific examples, glossary, procedures, help, hints, feedback, and coaching. When learners perceive instruction to be difficult, they seek out more instructional support (Tobias, 1982) , such as elaborate feedback.
Feedback is one form of instructional support that influences the learning process by motivating the learner or by providing additional information about the task (Sales & Williams, 1988; Steinberg, 1991) . Feedback is the evaluative or corrective information about an action, choice, or inquiry that the learner has made within the instructional program. Clariana (1993) found that the more information provided by feedback, the better the performance. Feedback can motivate students by encouraging them when learning is difficult (Steinberg, 1991) .
Screen design research indicates that displaying information at a consistent location or relevant to graphical information facilitates learning (Aspillaga, 1991) . The enriched screen-control capabilities of computers provide displays that more clearly represent information in meaningful contexts (Tennyson & Foshay, 2000) . Good screen design can have an important motivating role because it maintains the attention and interest of the student (Steinberg, 1991) . Spatial location aids learning by providing encoding links to existing information (Bellezza, 1983; Christie & Just, 1976; Cross, 1974; Gagné, 1977; Roger & Cable, 1976; Rothkopf & Coke, 1968) . Layout has been shown to enhance transfer of information, providing a second choice for the learner in arrangement of content through location (Aspillaga, 1991) . CBI designers can improve learning by integrating instructional visuals designed using information-processing learning theories and including screen design strategies to enhance the transfer of information (Janniro, 1993) .
The appropriate practice strategy to include in CBI varies by the difficulty of the subject matter and individual learner characteristics. When faced with the decision of determining the amount of practice to include in CBI, a greater amount of practice should be provided if higher student achievement is an important goal of the instruction (Schnackenberg, Sullivan, Leader, & Jones, 1998) . Schnackenberg et al. (1998) found that students who practiced more in their instructional program scored higher on the posttest than those who had a lesser amount of practice. Students preferred more practice and information in abstract or hypothetical learning situations than did students working through a program in a real instructional setting. Marcoulides (1990) found that students who are spoonfed sets of rules for choosing and using statistical procedures without hands-on practice in concrete examples tended to misapply or forget the rules. CBI allows for various levels of practice to achieve the desired learning goal level.
External support. External support is defined as providing for the needs of the learner with support external to the CBI program itself but is required to promote the learning outcome of CBI. External support should provide appropriate computer equipment, technical support, period of time for the learner to participate in CBI, and support from peers, supervisors, facilitators, management, friends, and family. Tough (1967 Tough ( , 1979 repeatedly highlighted the strong reliance on external resources, both human and material, in the conduct of learning projects and noted that adults would like more assistance in their learning pursuits.
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The necessity of considering the learning environment and its support systems has been widely recognized in education and instructional design (Tessmer, 1990) . Instruction may embody the proper outcomes and strategies but lack the means to be thoroughly or successfully used in its intended environments. Tessmer (1990) suggested two factors that should be considered in the environmental analysis: physical and use factors.
Input Units of the Theory
The next set of units comprises the inputs to the CBI process units.
Self-directedness. Self-directedness is defined as an approach where learners are motivated to assume personal responsibility and collaborative control of the cognitive and contextual processes in constructing and confirming meaningful and worthwhile learning outcomes (Garrison, 1997) . Self-directedness is the learner's ability to independently plan, conduct, and evaluate their learning activities (Guglielmino, 1977) . The level of self-directedness is different for each learner.
CBI is often referred to as self-directed learning because the learners use it at their own pace, at their own convenience, and with little or no human contact and because the process of learning is the responsibility of the learner. Computers can also aid in promoting self-direction and efficiency (Lewis, 1990) . CBI must be designed to take different levels of selfdirectedness into consideration to influence the learning outcome. There are three dimensions to the self-directedness unit: motivation to learn, metacognitive skills, and locus of control.
Motivation to learn plays a major role in the efficacy of adult learning efforts. Carré (2000) suggested that every professional trainer knows that the typical adult learner comes to the learning and training scene with a combination of motivation, educational habit, and self-image that predisposes him or her to learn. The concept of motivation is at the core of effective adult learning. A review of motivation in adult training established the importance of motivation in the learning process (Carré, 2000) . For adults, the motivation to learn is internal payoffs, the personal value they will gain in solving problems or issues in life that promote learning (Knowles, Holton, & Swanson, 2005; Wlodowski, 1985) . Therefore, the adult must see value in the CBI in solving problems or providing internal payoffs. This motivation to learn will influence the CBI design and subsequently the learning outcome.
Metacognitive skills are those that help a person understand and regulate cognitive performance (Artzt & Armour-Thomas, 1992; Slife & Weaver, 1992) . Chipman and Segal (1985) described metacognition as the "deliberate and reasoned deployment of cognitive resources and strategies" (p. 7). Adult metacognition is a multidimensional array of self-constructed regula- 168 Human Resource Development Review / June 2005 tory skills that spans a variety of diverse cognitive domains (Schraw, 1998) . Self-direction demands two specific characteristics (Carré, 2000) : proactivity and metacognitive competence. Proactivity is defined as the ability to initiate action and maintain active control. Metacognitive competence is the ability to reflect on the learning experience and improve the processes of learning. Metacognitive skills enable the learner to know how and when to apply previously acquired knowledge or skills that are crucial to their performance in learning tasks (Flavell, 1980) . The degree to which an individual is aware of these skills varies from person to person. Being able to recognize the cues and understanding how one learns will influence the selfdirectedness of the learner.
Locus of control is a person's belief in the ability to control outcomes of forces either internal or external to themselves (Rotter, 1990) . Whether people attribute the cause or control of events to themselves or to an external environment is referred to as locus of control (Spector, 1982) . Internal locus of control ascribes control of events to themselves. Learners who possess an internal locus of control will take responsibility for their learning with CBI, whereas those with an external locus of control will blame the program or things external to the program for not obtaining expected learning outcomes. Providing opportunities for the learner to be in control and successful is critical to the learning outcome of CBI. In cases of an internal locus of control, there would be less need for program control, whereas in cases of an external locus of control, there would be more program control needed.
Computer self-efficacy. Computer self-efficacy is the individual's belief about his or her capabilities to successfully engage in CBI. Based on the social cognitive theory developed by Bandura (1986) , self-efficacy can be defined as the belief that one has the capability to perform a particular behavior. Bandura (1993) suggests that perceived self-efficacy plays an important role in affecting motivation and behavior. Theory and research on self-efficacy suggests that in contrast to individuals with low levels of self-efficacy, the highly efficacious exert more effort, persist in the face of difficulty, and achieve higher levels of performance (Jawahar, Stone, & Cooper, 1992; Wood & Bandura, 1989) . Students holding a low sense of self-efficacy for achieving a task may attempt to avoid it, whereas those who feel more efficacious may attempt it more eagerly (Bandura, 1977; Schunk, 1984) . Previous studies on computer self-efficacy determined that self-efficacy is essential in the learning and use of computers (Delcourt & Kinzie, 1993; T. Hill et al., 1987; Jorde-Bloom, 1988; Kinzie, Delcourt, & Powers, 1994; Miura, 1987; Schunk, 1981 Schunk, , 1985 .
Learning goal level.
A learning goal level is the activities or performance required in the affective, cognitive, and psychomotor learning domains that result in the desired outcome of learning (Gagné et al., 1992) . To determine if the learning outcome is attained, the learning goal level must be a part of the theory (Steinberg, 1991) . The learning goal level is one of the inputs into CBI. Knowing the level and type of learning the learner must achieve affects both the CBI design and the instructional strategy design in developing the CBI. There are three domains of behavioral learning: affective, cognitive, and psychomotor. Learning goal level is demonstrated using Bloom, Engelhart, Furst, Hill, and Krathwohl's (1956) 
Laws of Interaction
A law of interaction is a statement by the researcher-theorist of the relationship between units and shows how the units of the theory are linked. In this section, the laws of interaction of "A Theory of Effective ComputerBased Instruction for Adults" are developed.
For clarity, the units of the conceptual model in Figure 1 are arranged into two distinct horizontal halves. The top half of the model is labeled support and the bottom half is labeled design. The units of the support half are external support, self-directedness, computer self-efficacy, and the components of instructional control and instructional support of CBI design. The units of the design half are learning goal level, instructional strategy design, and the components of screen design and practice strategy of CBI design. The learning goal level influences both the support and design halves of the model. In general terms, the support and design units are expected to interact to influence CBI effectiveness. More specific interactions are identified below.
Self-directedness and CBI design. Self-directedness is expected to influence the units of instructional control and instructional support. Learners who possess an internal locus of control, high metacognitive skills, and a high level of motivation to learn will be successful using learner controlled options for CBI design and less instructional support. Learners who possess an external locus of control, low metacognitive skills, and a low level of motivation to learn will need program control for instruction and much instructional support. Of course, these characteristics actually exist on a continuum, so various levels of instructional support and program control are possible.
Learner control may be unsuccessful for some learners because they lack metacognitive skills (Allen & Merrill, 1985; Rigney, 1978) or lack information they need about the learning process to make meaningful decisions about how to manage learning (Tennyson & Rothen, 1979) . Holden (1995) found that higher self-directed learning readiness participants had higher achievement than lower level participants and that lower level self-directed learning readiness participants with program control had higher achievement than participants with learner control. Grow (1991) identified four stages of self-directed learning and the teaching style associated with each. The four stages of self-directedness were as follows: Stage 1 is the dependent learner with the teaching style of authority and coach, Stage 2 is the interested learner with the teaching style of motivator and guide, Stage 3 is the involved learner with the teaching style of facilitator, and Stage 4 is the self-directed learner with the teaching style of consultant or delegator. The most severe problems occur when dependent learners are mismatched with the nondirective teaching styles and when self-directed learners are mismatched with the directive teaching style. CBI can help students move from Stage 1 to Stage 4 during their lifelong learning process.
Computer self-efficacy and CBI design. Computer self-efficacy is also expected to influence the units of instructional control and instructional support in CBI design. Learners with low computer self-efficacy must be given the opportunity to be successful. Only through experience and success with CBI will the computer self-efficacy level rise. Instructional support, such as feedback and coaching, needs to be available to low self-efficacy learners to enable them to be successful. An adaptive instructional control program would allow the learner to increase his or her level of computer self-efficacy as he or she becomes successful with CBI. Learner control is more appropriate for the learner with high computer self-efficacy.
Low self-efficacy reflects a lack of confidence in the ability to manipulate the system to achieve desired results (J. R. Hill & Hannafin, 1997) . Consequently, users are more likely to accept rather than question systemgenerated information or program-controlled design. High self-efficacy users tend to be more persistent in their search and more confident in their ability to locate the resources they seek (Murphy, 1988) , so learner control may be more appropriate as the instructional control. There is evidence that giving learners partial control of elements of instruction yields more favorable attitudes toward CBI and produces relatively high learner achievement (Crooks, Klein, Jones, & Dwyer, 1996; Schnackenberg et al., 1998) . Leso and Peck (1992) found that students may encounter less frustration and gain more self-efficacy when they attempt and accomplish relatively simpler tasks and receive immediate feedback regarding their success with software application. Ertmer, Evenbeck, Cennamo, and Lehman (1994) found that to enhance the effect of the learning experience on students' efficacy through situating those experiences within a learning context that provides an acceptable means for voicing frustration and receiving encouraging feedback regarding one's developing skills was most important.
Self-directedness and external support. Self-directedness is expected to influence the unit of external support. The higher the level of self-directedness of the learner, the less external support is required. For instance, the learners who possess an internal locus of control, high metacognitive skills, and high motivation to learn require less external support. Learners who possess an external locus of control will need more external support because they believe that performance is a result of the external events or environments. Low motivation to learn can be enhanced by external support. For example, management's encouragement and support could be of great importance to a learner with low motivation to learn. Dependent learners want close supervision, immediate feedback, frequent interaction, constant motivation, and continuous direction (Grow, 1991) . Jawahar (2002) found that managers can positively influence employees' attitudes toward using CBI by communicating how the knowledge can enhance their productivity. Jawahar also found that goal setting had the most effect on end user performance. External support can provide many of these elements for the dependent learner. As the learner becomes more selfdirected, less external support is required.
Computer self-efficacy and external support. Computer self-efficacy is expected to influence the unit of external support. Learners who have a high level of computer self-efficacy require less external support than those with a low level of computer self-efficacy. Learners with high levels of computer selfefficacy will take it on themselves to find the external support that is needed. However, learners with low computer self-efficacy will look to external support to facilitate learning. The low computer self-efficacy learner will need technical support, time from work to participate, and encouraging words from management to help raise his or her level of computer self-efficacy. Jawahar and Elango (2001) found that managers could increase end user performance by enhancing end users' self-efficacy beliefs. Bandura (1982) suggested that self-efficacy beliefs can be enhanced through performance accomplishments, vicarious experiences, verbal persuasion, and emotional arousal. Jorde-Bloom (1988) found that organizational components and environmental considerations served as powerful motivators in determining computer-related behavior. Individuals who exhibit a low self-efficacy with technological innovations are more apt to be resistant to them (T. Hill et al., 1987 ). An individual's feeling of self-efficacy also regulates the degree of commitment that the individual is willing to invest in learning about CBI (Ertmer et al., 1994) .
External support and CBI design. External support and CBI design are expected to interrelate. Strong support can be incorporated in the CBI design or be external to the program. Strong external support can offset a weak CBI design. If the CBI design is a strong design that allows for the individual differences in the learner, external support can be at a minimum. However, if the CBI design is weak and does not provide for the individual differences of the learners, external support must be strong. The CBI design may take into account the individual differences, but some of those differences will require external support.
Instructional strategy design and CBI design. Instructional strategy design precedes the components of screen design and practice. The instructional strat-egy design unit influences the screen design based on the organization of the information and the practice strategy based on the level of the learning goal to be accomplished. Strong instructional strategy design should influence the CBI design related to appropriate screen design and type of practice. Weak instructional strategy design will result in poor CBI design.
The organizational strategy of the instructional design influences the screen design. How the instruction is sequenced, the location of the content on the screen, and how the content is displayed affects the learning process of the adult. Computer presentations of text can facilitate learning by providing focus (Steinberg, 1991) . This occurs when the computer lesson is presented in limited amounts of text on the screen and the learner presses a key to continue reading the text at his own pace.
Practice provides for the learner's active participation in the learning process and assesses how learning is progressing so that remediation may be provided if the student is not learning (Smith & Ragan, 1993) . Provision of instruction with explicit practice items is very important to the outcome of learning. Smith and Ragan (1993) suggested that learners should have several opportunities to practice the performance related to a specific objective to promote overlearning and automaticity of skilled performance. Student practice of instructional objectives is considered an essential element of well-designed instruction because appropriate practice during instruction gives students the opportunity to engage in activities similar to those in the objectives and assessed on an objectives-referenced test (Gagné, 1985; Popham, 1969) .
Learning goal level and instructional strategy design. Learning goal level is expected to influence the unit of instructional strategy design. The learning goal level influences how the instruction is organized and presented. CBI is judged to be successful when the essential content supports the learner's attainment of instructional goals (Hannum, 1988) . Different instructional strategies are implemented based on the learning goal level to be achieved (Salisbury, Richards, & Klein, 1985) . Because different conditions are required for different learning outcomes, the nature of the events of instruction also differs for each type of learning outcome. CBI that incorporates events that are appropriate for the desired type of learning outcomes will be more likely to attain the desired learning goals (Wager & Gagné, 1988) .
The learning goal level determines the type of learning for which the instructional strategy design must be developed. For example, in the first two levels of Bloom et al.'s (1956) Taxonomy of the Cognitive Domain, knowledge and comprehension, learners would be required to recall in verbatim, paraphrased, or summarized form, facts, lists, names, or organized information. The instructional strategy design would be developed for that learning outcome. In the application, analysis, synthesis, and evaluation levels of Bloom's Taxonomy of Cognitive Domain, students learn how to Lowe, Holton / COMPUTER-BASED INSTRUCTION FOR ADULTSrecall and apply other instances not encountered during instruction. Therefore, the instructional strategy design would be developed so that the learner can discriminate, acquire concrete and defined concepts, and learn rules or principles.
Learning goal level and CBI design. Learning goal level is expected to influence the components of instructional control and instructional support of the unit domain of CBI design. Learning goal levels based on Bloom et al. 's (1956) taxonomy levels of knowledge and comprehension would be more likely to use program-controlled CBI design, whereas learning goal levels of application, synthesis, and evaluation would use learner controlled or adaptive controlled (M. J. Hannafin, 1984) . Romiszowski (1981) found that learner control was unsuccessful for some learners because they did not have clearly formed objectives. These objectives are developed based on the learning goals that are to be achieved. Tennyson and Foshay (2000) reported that managing the learning environment should be consistent with the defined learning goals and objectives of the instruction.
Knowledge of the outcomes guides the designer in the amount of encouragement and amount of instruction needed in feedback to achieve the proper results without prolonging the learning process (Sales, 1988 ). CBI designed for higher level learning outcomes, such as problem solving, rule learning, and defined concepts, requires that the learners generate solutions to problems, demonstrate the use of rules they have learned, and classify objects based on the instruction they have received (Briggs & Wager, 1981; Gagné & Briggs, 1979; Smith & Boyce, 1984) . Instruction at this level requires the learner to acquire new knowledge and to formulate, test, and refine hypotheses on the correct use of this knowledge. Elaborative feedback that provides explanation of errors as well as additional instruction may prove to be most effective. CBI designed for a lower level of learning outcomes, such as concrete concepts and discriminations, requires the learner to identify and discriminate between specific members of the concept class presented in the instruction (Briggs & Wager, 1981; Gagné & Briggs, 1979; Smith & Boyce, 1984) . Feedback that simply informs the learners of the correctness of their response will be sufficient in most cases. As the complexity of the information increases, the needs of the learners increases, and the level of feedback must be adjusted (Sales, 1988) .
CBI design and learning outcome. The unit of CBI design precedes and influences the unit of learning outcome. When the CBI design properly incorporates all the previously discussed input and process units, learning outcomes can be expected to be achieved.
Summary of the laws of interaction.
A major conclusion to be drawn from the preceding discussion is that a change in one unit of the theory brings about sub-sequent changes in another unit of the theory. The following laws of interaction are derived from the dynamic relationships among the units:
Law 1: The units of self-directedness, external support, computer self-efficacy, instructional strategy design, learning goal level, and CBI design are required for the output of the desired learning outcome. Law 2: The units of self-directedness and computer self-efficacy influence external support. Law 3: The units of self-directedness, external support, computer self-efficacy, instructional strategy design, and learning goal level influence CBI design. Law 4: Self-directedness, computer self-efficacy, and learning goal level are inputs into the process of CBI design. Law 5: Learning goal level is input into the process of instructional strategy design. Law 6: External support and CBI design support have a two-way relationship: (a)
Strong external support will influence the amount of CBI design support, and (b) strong CBI design support will influence the amount of external support. Law 7: Instructional strategy design precedes CBI design as processes that are required for an output of the desired learning outcome.
Boundaries of the Theory
A theoretical model is bounded when the limiting values on the units composing the model are known (Dubin, 1978) . Determining the boundaries of the theory enables the researcher to set and clarify the aspects of the real world that the theory is attempting to model. Using Dubin's (1978) theorybuilding method, the boundaries are determined not by empirical data but through the use of logic to indicate the "domain over which the theory operates as a system" (p. 141).
The boundaries of "A Theory of Effective Computer-Based Instruction for Adults" are first defined by the distinction between all human activity for adults and adult learning. This theory has been developed specifically for adult learning environments, even though future research may suggest that it is more robust and applies to learning for nonadults as well. For purposes of this theory, adults are defined as anyone 18 years of age or older, though exceptions can occur to this based on developmental stage. Dubin (1978) advocated that "an open system is one in which some kind of exchange takes place between the system and its environment" (p. 126). Because the goals and processes of adult learning interact with and are influenced by their other life activities (Knowles et al., 2005) , this boundary is defined as an open boundary.
The second boundary condition of "A Theory of Effective ComputerBased Instruction for Adults" exists within the domain of adult learning. This theory applies only to CBI within the domain of adult learning. CBI is defined as the delivery of instructional content by means of the computer to achieve learning goals. The units of the theory all fit within the domain of CBI. Because the units of the theory are influenced by the adult learning The boundaries of the model are depicted in Figure 2 , where the open boundaries of adult learning and CBI are represented by the dotted oval lines.
System States
System states indicate the complexity of the real world that the theory is presumed to represent and the different conditions under which the theory operates. A system state is a condition of the system being modeled in which the units of the theory interact differently (Lynham, 2002) . A system state is a state of the system as a whole and represents a condition under which the theory is operative (Dubin, 1978; Torraco, 1994 Torraco, , 1997 Torraco, , 2000 . There are three system states that reflect different values and alignments that affect the output of effective CBI. The three system states are as follows: effective system state, ineffective system state, and moderately effective system state.
Effective system state. In the effective system state, an alignment of both the upper support half and the lower design half of the model results in effective CBI. Alignment occurs in two ways: (a) when the support units are comple- As an example of when the support units are in alignment with the design units, consider the situation where users have weak self-directedness and weak computer self-efficacy but strong CBI design of instructional control and instructional support; strong external support will exist. Or consider the case where users have weak computer self-efficacy, strong external support, strong self-directedness, and weak CBI design of instructional control and instructional support. In both cases, the support and design elements complement each other.
Alignment within the design unit occurs when the three units of learning goal level, instructional strategy design, and CBI design components of practice activities and screen design complement each other. The instructional strategy design should be matched with the learning goal level to be effective in the area of design. Alignment within the support unit exists when the combination of self-directedness and computer self-efficacy are correctly complemented by external and program support.
Ineffective system state. In an ineffective system state, the upper support half and the lower design half of the model are not aligned. The values of the units of support do not provide for effective support. A possible alignment would be weak self-directedness, self-efficacy, and external support, combined with a weak CBI design. If computer self-efficacy is low, CBI design would not provide the instructional support needed, and external support would not be available to provide the support needed for low computer self-efficacy. If selfdirectedness is the weak unit, computer self-efficacy is likely to be weak as well, and poor external support and CBI design would make for an ineffective system state. Even if one unit of the support area is strong and the other three units are weak, the support area will be weak.
In the design half of the model for ineffective system state, the instructional strategy design is not appropriate for the learning goal level. Therefore, the CBI design would be weak because the instructional strategy design is an important input into the CBI design process. A weak support area consisting of the units of low self-directedness, low computer selfefficacy, weak or no external support, and weak CBI design, resulting from instructional strategy design not being appropriate for the learning goal level, will result in an ineffective CBI.
Moderately effective system state. In the moderately effective system state, there is partial but not full alignment. Perhaps the most common example of this occurs with weak support and strong design. The instructional strategy design is based on the learning goal level, and the CBI design uses both of these units in the design process. However, when learners have low computer selfefficacy, self-directedness, and external support (a common occurrence), the support configuration does not ensure that the program will be effective.
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Because most CBI is purchased off the shelf and is developed by instructional designers and programmers, it will have a strong design. However, if the other components of support are not in place, no matter how good the design, the CBI will be only moderately effective.
Propositions
A proposition of a theoretical model is a truth statement about the model in operation (Dubin, 1978) . The propositions are grounded in the explanatory and predictive power embedded in the theoretical framework constructed during the theory development process (Lynham, 2002) . It is important to note that the propositions are not truth statements about aspects of the real world that the theory represents (Torraco, 1994) . One must convert the proposition statements first into empirical indicators and second into hypotheses and third test the hypotheses through research to address the problem of matching the theory with the real world (Torraco, 1994) . Dubin (1978) noted that propositions do not imply empirical accuracy of the propositions. Rather, the accuracy of a proposition is whether it follows logically from the model. Nine propositions were specified for "A Theory of Effective ComputerBased Instruction for Adults." The nine proposition statements, which were logically derived from the theoretical framework, are as follows:
Proposition 1: The level of learner self-directedness will be inversely related to the external support desired. Proposition 2: The level of learner computer self-efficacy will be inversely related to the external support desired. Proposition 3: The level of learner self-directedness will be inversely related to the CBI design components of instructional control and instructional support. Proposition 4: The level of learner computer self-efficacy will be inversely related to the CBI design components of instructional control and instructional support. Proposition 5: The learning goal level is inversely related to instructional control and instructional support in CBI design. Proposition 6: The learning goal level directly influences the instructional strategy design. Proposition 7: The instructional strategy design directly influences screen design and practice strategy in CBI design. Proposition 8: The level of external support is inversely related to instructional support and instructional control in CBI design. Proposition 9: The effectiveness of CBI will be maximized when the levels of selfdirectedness, computer self-efficacy, learning goal level, and external support are incorporated in the CBI design.
Discussion
Why do some adults start CBI but never finish? Why do some adults complete CBI without the desired learning outcome? Why hasn't CBI become 178 Human Resource Development Review / June 2005 the most used learning strategy for adults? This theory brings to the forefront some of the questions pondered by CBI researchers and practitioners. Five key conclusions can be drawn from this study that may help answer these questions. The first conclusion drawn is that characteristics of the adult learner play an important role in the designing of CBI for adults. Clearly, there are unique characteristics of adult learners that may significantly affect the design of CBI. The adult characteristics of self-directedness and computer self-efficacy were found to be important when using CBI. Adults possess different levels of self-directedness and computer self-efficacy, and these differences should be taken into consideration. Adults with a lower level of self-directedness and computer self-efficacy would require more external support and program control of instruction. Those with higher levels of selfdirectedness and computer self-efficacy require less external support and more learner control of instruction.
The component of instructional control of CBI design is important for those adults with a high level of self-directedness. When faced with programcontrolled CBI, they may become frustrated and not complete the instruction. Even with high levels of self-directedness, program control is required for new knowledge to ensure content is covered in a low learning goal level. If the levels of self-directedness and computer self-efficacy are not aligned with the level of external support, the components of instructional control, and instructional support of CBI design, the adult learner will not complete or obtain the desired learning outcome. CBI should be developed to respond to these individual adult differences.
A second conclusion drawn from this study is that CBI design is interwoven with the units of self-directedness, computer self-efficacy, learning goal level, instructional design strategy, and external support. This is not a simple relationship. Using software that converts face-to-face instruction to CBI is only part of the elements to be considered in developing effective CBI. Successful CBI must consider the alignment of each of the units of this theory to be effective. The support half of the model is equally as important as the design half of the model in designing effective CBI. Not only are all units required, but they must be matched to provide appropriate levels of each unit to achieve the desired learning outcomes. If both self-directedness and computer self-efficacy are at a low level, then both external support and the support part of CBI design must be at a high level for the support level to be aligned. Likewise, if the learning goal level is low and the instructional strategy design is appropriate for the learning outcome, CBI design must be aligned with the support half of the model to be effective. There are many combinations of aligning the support half with the design half, but no matter what the combination, there must be a match for effective CBI.
The third conclusion drawn from this theory is that the learning goal level affects the instructional design strategy and the component of instructional control of CBI design. This requires both the instructional designer and the instructional technologist to work together to ensure an appropriate CBI design for the learning goal level. For lower learning goal levels, CBI should be designed with more program control. The lower learning goal level is usually new knowledge or a procedure that requires learning step by step. Adults tend to demonstrate more anxiety when new material is to be learned. On the other hand, higher learning goal levels should be designed with learner control of instruction. The higher learning goal levels foster the use of metacognitive skills possessed by the adult learner. Adult learners like to share their knowledge, and a cooperative learning experience would be beneficial at the higher learning goal level. The instructional designer should use instructional design principles in developing the instructional strategy design unit.
A fourth key conclusion of this study is that both external and instructional supports are extremely important. Although the literature hints at the importance of external and instruction support, there is very little research in this area. Most research in instructional support is primarily in instructional feedback. External and instructional support in CBI design helps develop the attributes of self-directedness and computer self-efficacy in adults. By providing external support, adults receive encouragement and have opportunities for positive experiences. This may be in the form of allowing the adult learner to engage in CBI during working hours, providing a computer lab with the appropriate hardware and software for CBI, providing praise for the adult learner's participation in CBI, or a peer providing positive feedback about the experience. If adults are frustrated because external support is not available to answer their questions or provide assistance, the experience becomes negative, and they are not likely to engage in CBI again. The facilitator and the organization that is sponsoring the CBI should make available the external support that the adult learner needs.
Instructional support in CBI is a component of the CBI design unit in the support half of the model. Feedback is one way of providing instructional support. This support should be delivered in small doses with the opportunity to obtain more information if needed. This requires learner control for feedback to be a part of the CBI design. By giving the adult learner some control of their learning, they will develop additional skills and have positive experiences that will improve their level of self-directedness and computer self-efficacy. When the adult learner can find the support they need, their computer self-efficacy level should improve.
Finally, this theory draws together the isolated variables that researchers have considered important in the adult learning process and aligns them to provide for effective CBI. This study provides a theoretical relationship and interaction between the variables. Many of these variables have been suspected as being important to CBI but have not been presented in a comprehensive, systematic manner. Many researchers have looked at these variables individually and identified small sets of variables as necessary components in CBI. However, few have attempted to develop a theory that incorporates so many variables because of the complexity of adults and CBI. This theory provides a framework for research and, when validated, will provide a guide for the practitioner.
Implications for Future Research
There are three major implications for future research provided by this study: developing and refining empirical indicators, developing and testing hypotheses, and designing empirical research.
Developing and refining empirical indicators is the first major implication for future research. Research that follows Dubin's (1978) methodology for theory building and is intended to match the theory with the real world begins by converting the propositions of the theory into hypotheses that can be tested through empirical research. This is done by first operationally defining the units concepts of the theory with enough precision that each concept can be measured (Torraco, 1994) . Dubin (1978) refers to the specification of procedures for measuring key concepts as producing the empirical indicators. An empirical indicator is an operation employed by a researcher to secure measurement of values of the unit.
The second major implication for future research is the development of the hypotheses. Once the empirical indicators are determined or developed, the next step would be to convert the propositions into hypotheses. The hypotheses convert the propositions into testable hypotheses using the empirical indicators as variables in the hypothesis statements. They predict what will be true in the real world if the phenomena of interest behave according to the theory. Hypotheses derived from theory are known as deductive hypotheses. They drive the research process, which is ultimately intended to produce data to either support or disconfirm the theory.
For example, the first proposition states the following: The level of learner self-directedness will be inversely related to the external support desired. This proposition can serve as the basis for stating a testable hypothesis by converting each key concept (learner self-directedness and external support) into variables (or empirical indicators) and by formulating a hypothesis that predicts an inverse relationship between these variables (e.g., the theory predicts that as one increases, the other decreases). This would be done for each proposition in the theory, resulting in a complete test of the model. The third major implication for future research is the need for empirical research studies. In designing empirical research studies to validate this theory, there are a number of different research designs that could be employed. It will take numerous studies to fully validate the theory.
Summary
This study has resulted in a new theory of CBI. It has integrated the factors affecting CBI effectiveness into a comprehensive framework. This theory is also the first to focus exclusively on factors affecting CBI effectiveness for adult learners, which was previously a critical gap in the literature. For researchers, it lays the foundation for empirical tests of the most effective learning environments for CBI. For practitioners, it offers the first integrated framework of the essential variables for planning and designing CBI for adults. Although further research is needed to validate the theory, this theory has the potential to significantly advance both the research and practice of CBI for adults.
